To investigate radiation damage in bulk II-VI oxides with electronic and optical applications, 50 to 55 MeV Li ion beam from the Pelletron at IUAC, New Delhi, is suitable, and has been available. Maximum sample thickness that prevents undesirable ion implantation turns out, from TRIM calculation, to be ~ 200 µm for CdO & ZnO, and 400 to 450 µm for MgO. The need and difficulty of making such ultrathin ceramic samples (as desirable for radiation damage without implantation) are addressed first. Films, easily fulfilling the low thickness requirement, have properties different from the bulk, and are usually on a substrate to complicate the matter. Ultrathin un-fired pellets, in contrast to thick and sturdy pellets, become curved on conventional sintering. Curved pellets are useless for ion irradiation and most other experiments. Qualitative understanding of the curving, its prevention and test of these newly made ultrathin but flat ceramics for swift ion irradiation have been undertaken in this work.
Introduction
II-VI materials often offer better options for electronic and optical applications 1 than Si, a group IV semiconductor and workhorse for these applications. Present work focuses on designing radiation damage by a fast ion beam on bulk samples of II-VI oxides CdO, ZnO and MgO. Need, from ion-solid interaction aspect 2 , for thin samples and the difficulty of making bulk ceramics with such low thickness are to be addressed first.
Sample thickness (t) should be definitely shorter than the projected range (R) of the ion beam in the sample to avoid ion implantation, if one wants to study pure radiation damage of the sample by the beamavoiding the property change due to implantation. Thick or thin films, almost always on a substrate, readily offer such thin samples for light or even heavy ions of high energy. But films and bulk materials have usually somewhat different properties. So, radiation damage investigations in films are related to but different from such investigations in the bulk.
Present goal is to experimentally arrange bulk samples for pure radiation damage by swift ion beams available from accelerators like the Pelletron at IUAC, New Delhi, India (~55 MeV Li 3+ beam to get sufficient R), and also to carry out test irradiation runs. Here, R = 245 µm for CdO, 241 µm for ZnO and 498µm for MgO (vide Table 1 and Fig. 1 ) imply fabrication of pellets of thickness t less than the R values. Such ultrathin pellets generally develop curvature and cracks during sintering (Fig. 2) . Using still higher energy to make R > t is not a practical solution. Such higher energies, cause lesser damage and complicate matter by inducing nuclear reactions. The possible alternative of sintering a thick pellet and then thinning it by rubbing the surfaces with fine emery paper proved to be destructive, as the surfaces are usually textured and hence of better quality. With no other options left, present effort has been on discovering a method of sintering flat ultrathin pellets. This paper reports success. As samples, we have chosen MgO (IIa-VIa), ZnO (IIbVIa) and CdO(IIb-VIa) that are similar compounds. This is a generalized work, not specialized for the IUAC accelerator. However, IUAC Pelletron is one of the highest energy accelerators in India. Still higher energies are not useful in this kind of study, as already discussed. Among various applications of these semiconductors, we note that there are lot of efforts for developing ZnO based p-n junction 3 , CdO & CdO-based transparent conductive phases 4 etc. There have also been considerable fundamental studies on these three oxides including valenceband density of states investigation 5 by XPS and quasi-particle-corrected density-functional theory calculations. All these provide a good base for radiation damage studies. (Table 1 ). It appears to be an optimum choice 6 . With special care, CdO, ZnO and MgO pellets of 210, 200 and 450 µm could be made by the die-&-plunger method, as will be detailed later. These are thick enough to retain bulk properties, unlike films of thickness less than or comparable to electron (hole) mean free path. 
Materials and Methods

Ion-Solid Interaction Consideration
Literature on Thermally Induced Curving
Curving of materials, including metals, under nonuniform heating is known for a very long time. It is utilized in shipyards, for example, by skilled workers to form curved plates in various shapes under various heating conditions, and theoretical models 7 have been attempted. United States Patent 5174068 of 1992 was taken on the "Method and apparatus for preventing thermal damage of work pieces due to heat developed by a grinding process", a problem very similar to the present one. These related references justify the reality and importance of the problem, also for ultrathin ceramics, for which no publication has been found.
Sample Preparation Through Special Steps
Pellets of 10mm diameter and different thicknesses were made (Table 2 ) under the same pelletizing load of 6 ton-wt., from Cadmium Oxide (Ma Teck GmbH 99.99+%), Zinc Oxide (Ma Teck GmbH 99.999%), Magnesium Oxide (Ma Teck GmbH 99.99%). Extreme handling care was needed for these delicately thin pellets. These and thicker pellets were heat treated at 800 °C or other temperatures in air for 36 hours 8 in a Carbolite Furnace with PID Temperature Controller and then cooled in the furnace with the cooling rate set at 200 °C/h. The 800 °C fired sample will be called CdO-800, and so on. Significant electrical conductivity has been reported for Cadmium oxides and Zinc oxides samples 8, 9, 10 . Two types of special firings (Expt.1 & Expt.2, below) were designed to understand and prevent curving of ultra thin pellets during firing.
Expt.1
Fact that only the thin samples got curved or got curvature with multiple depressions and crack/s on firing has been verified by one 800 °C firing of 4 pellets -two thick (~1 mm) and two thin (~200 µm) pellets of CdO.
Expt.2
Hoping to prevent curvature, some pellets have been put under a pressure of 12.1×10 4 N/m 2 during the 800 °C firing, slow cooled after the 36 hour firing and taken out of the furnace at ~ 50 °C. This pressure has been applied by putting ceramic plates of known masses over the pellets of known diameter.
XRD in a Bruker Diffractometer showed the correct phase for each sample for Expt.1 and Expt.2 firings.
Ion Irradiation
More than 10 flat and usable pellets of Cadmium, Zinc and Magnesium Oxides were thus prepared and put on three faces of the all copper IUAC Target Holder (called Ladder). Beam Current for the 50 MeV Li 3+ irradiation was never allowed to exceed 3 nA to avoid beam heating of the samples. Aided results and discussion Expt.1 (above) proved (as shown in Fig. 2 ) that only ultrathin pellets (~ 200 µm or so, for these materials) got perceptibly curved on firing without an applied pressure. Thick pellets did not bend. The basic finding is that an ultrathin pellet, not subjected to the pressure mentioned in Expt.2, bends itself in the shape of a bowl or thali, indicating quicker cooling of the top surface exposed to air in the furnace (not air-tight). The bottom of the pellet, unlike its top, remains in physical contact with the hot furnace. So, the bottom layer is a bit hotter and hence larger in area. This bends the ultrathin pellet in shape of a bowl. However, thick pellets are sturdy enough to resist such bending.
Expt.2 showed that an ultrathin pellet, fired under suitable pressure (typically 12.1×10 4 N/m 2 ), usually continued to be flat. There have been rare cases of cracking (~ 1 in 10), possibly due to extra factors unknowingly present in these cases. These few cases are ignored. So, the new finding is that a moderate pressure on the pellet during firing, as mentioned above, can prevent bending of the pellet. Flat and practically crack-free ultrathin pellets could be obtained in this procedure.
Top plates needed to pressurize the pellet can also be somewhat equalizing the top and bottom temperatures and thus reducing bending. This can be developed into a furnace device for uniform heating to prevent damaging deformation of very thin pellets during firing.
Usable CdO, ZnO and MgO ultrathin pellets could thus be prepared in flat form. XRD patterns of these specially prepared ultrathin pellets (Figs.  3-6) show standard XRD lines with narrow widths, proving the good quality of the samples. Often such ultrathin samples (like CdO) have been modified by a heat treatment (at temperatures like 800 °C) to heat-treated-samples (like CdO-800), by a postpreparation heat treatment again under pressure to prevent bending.
These have next been used for 50 MeV Li-irradiation. Assuming average beam current to be 2.8 nA, beam heating turns out to be 2.8 nA × 50 MV = 140 mW over the thin sample. Unless this large heat is readily transferred to the copper sample-holder, there can be large temperature rise and hence unwanted thermal damage of the sample. The sample must have a flat back pressing the sample-holder for efficient heat transfer, ensuring minimum rise of its temperature. /cm 2 and higher did not thermally damage the samples, proving these ultrathin samples to be sufficiently flat to provide good thermal contact and prevent any significant temperature rise.
Un-irradiated lattice parameters a = b = c for CdO-800 and MgO-200 and a = b & c for ZnO-1000 have been computed in Table 3 , from our XRD data. One important result of irradiation is cited first. We found (Fig. 3 ) that after 5×10
13 Li 3+ /cm 2 irradiation, 2Ө = 43.6 0 peak in un-irradiated CdO-800 disappears. Irradiation also altered intensities of different peaks. Peaks 220 and 311 somewhat decrease in intensity due to irradiation, while lower angle peaks gain in intensity. However, Fig. 5 (for ZnO) and Fig. 6 (for MgO) show that their peak intensities are less affected by these Li irradiations.
In Fig. 7 , present Li irradiation is seen affect lattice parameter, a, for CdO and MgO in an interesting manner. Lattice spacing a(CdO-120) reaches a small peak (Table 4) The main point here is that the ~ 200 µm to ~ 450 µm oxide pellets that were produced in this work by using firing under pressure have been found to be good enough for irradiation in an accelerator and pre-& post-irradiation characterizations without breakage or other problems. This firing under pressure has been equally useful for high temperature sintering of these pellets.
Bending of ultrathin ceramic pellets under heat treatment has been experimentally investigated. The basic physics of bending is understood to be due to larger expansion of the lower face of the pellet, slightly hotter due to its direct contact with the hot furnace. Thicker pellets are too stiff to be bent by the force due to dissimilar expansion. More quantitative observations and a theoretical model will be most welcome.
Conclusions
Bending of ultrathin ceramic pellets under heat treatment has been experimentally investigated. The basic physics of bending is understood to be due to larger expansion of the lower face of the pellet, slightly hotter due to its direct contact with the hot furnace. Thicker pellets are too stiff to be bent by the force due to this dissimilar expansion.
Here, the novel method of firing under pressure has been found to prevent bending of ultrathin ceramic pellets (~ 200 µm to ~ 450 µm oxide pellets) during heat treatment at a high temperature (like 800 °C).
Top plates pressurizing the pellet during firing can also be somewhat equalizing the top and bottom temperatures and thus making additional contribution to the reduction of bending. This novel set-up can be developed into a furnace device for uniform heating to prevent damaging deformation of very thin pellets during firing.
Ultrathin ceramic pellets, produced by this newly invented process, have also been tested to be good enough for irradiation in an accelerator and pre-/post-irradiation characterizations. This firing under pressure has been equally useful for high temperature sintering of these pellet samples. More experimental investigations and a theoretical model will be most welcome.
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